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Melanin Pigmentation and Inflammation in Human
Gingiva*
A. Patsakas,f N. Demetriou^ and A. Angelopoulos§
The study was carried out to determine the distribution of melanin granules in different
anatomical areas of the gingiva and to relate the density of melanin granules to the degree of
gingival inflammation. Specimens including free and part of the attached gingiva were secured
from the vestibular surfaces of the six maxillary or mandibular teeth of 21 Caucasian subjects
during periodontal surgery. Serial histologie sections 5 to 6 µ thick were prepared and stained
with Hematoxylin and Eosin or Masson-Fontana. Evaluation of the  & E stained sections
disclosed that the number of melanophores and melanin granules in the epithelium and the
inflammatory cells of the subepithelial connective tissue gradually decreased from the free
gingival groove area to the free gingival crest and from the free gingival groove to the
mucogingival junction. The density of melanophores in the vestibular epithelium showed a
significant positive correlation (r = 0.38,  < 0.00003) with the severity of inflammation
(numbers of inflammatory cells) in the attached gingiva but not in the free gingiva (r = —0.033,
 < 0.2643). There was a positive significant correlation between the density of melanin
granules of the vestibular epithelium and that of the adjacent connective tissue in both the free
(r = 0.57,  < 0.0003) and atached gingiva (r = 0.46,  < 0.0003).
Studies on melanin pigmentation of the gingiva (and
of the oral mucosa) have concentrated mainly on deter-
mining by epidemiologie methods the incidence of gin-
gival pigmentation in different population groups and
races1"6 and on making logical and quantitative obser-
vations of melanocytes and Langerhans' cells by micro-
and ultramicroscopy using histochemical techniques
(DOPA).715
The purposes of this investigation were to study: (1)
the distribution of melanin-containing cells (melano-
phores) and melanin granule density in different areas
of the vestibular surface of the free and attached gingiva;
(2) to relate these findings to the degree of inflammation
of the subepithelial connective tissue; and (3) to deter-
mine the relationship between the density of the melanin
granules in the epithelium and the adjacent connective
tissue. For the purposes of this study, "melanophores"
are considered to be keratinocytes of the epithelium or
fibroblasts and macrophages of the connective tissue
which contain phagocytosed melanin granules.
MATERIALS AND METHODS
Twenty-one Caucasians, 15 males and 6 females, 21
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to 52 years old with normal melanin pigmentation and
differing degrees of gingival inflammation,16 were used
in this study. Gingival tissue specimens including free
and part of the attached gingiva were taken from the
vestibular gingiva of the anterior six maxillary or man-
dibular teeth during periodontal surgery. Biopsy speci-
mens were fixed in freshly prepared 10% aqueous solu-
tion of formalin for 48 hours. Serial histologie sections,
5 to 6 µ in width, were prepared and stained with
Hematoxylin and Eosin ( & E) and Masson-Fontana
(Figs. 1 and 2).
The density and distribution of the melanophores and
melanin granules, as well as the degree of inflammatory
reaction, were determined microscopically using an ocu-
lar micrometer square (Fig. 3). The number of melano-
phores and degree of inflammatory reaction were deter-
mined by placing the micrometer square over the epithe-
lial ridges (rete pegs) and by moving the aperture to the
adjacent connective tissue ( & E stain). Starting from
the microscopically determined free gingival groove area
and moving the micrometer square along the epithelium-
connective tissue area, eight successive microsquares
(magnification X400) were examined along the free gin-
giva and another eight along the attached gingiva in both
the epithelium and the adjacent connective tissue. In this
way, almost the whole length of the free and attached
gingiva of the tissue specimen was included in the mi-
croscopic examination.
The density and distribution of melanophores of the
basal and suprabasal cell layers of the epithelium were
determined by counting the melanophores in the epithe-
lium of each microscopic square examined. The sum of
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Figure 1. Photomicrograph showing the density and distribution of mel-
anophores in the basal cell layer of the epitheliumfrom an individual with
normal gingival pigmentation. Histológica! specimen stained with hema-
toxylin and eosin.
guished, and thus the intensity of the pigmentation in
the epithelium (mostly in the epithelial ridges) in the
adjacent connective tissue was determined by measuring
the density of the melanin granules in each microsquare
on the basis of the following arbitrary scale: 0 = absence
of melanin granules, 1 = rare and scattered melanin
granules, 2 = dense but not aggregated melanin granules,
3 = dense and aggregated melanin granules.
The microscopic technique used for the above-men-
tioned measurements and the method of computing val-
ues for the density of the melanin granules in the epithe-
lium and the connective tissue (Fig. 5) were similar to
those described for the melanophores and gingival in-
flammation.
Correlation coefficients were computed17'18 to deter-
mine the relationship between the density of melano-
phores in the epithelium and the degree of inflammation
in the adjacent connective tissue, as well as the relation-
ship between the density of the melanin granules in the
epithelium and the adjacent connective tissue (Tables 1
and 2).
RESULTS
The number of melanophores in the epithelium and
the inflammatory cells of the subepithelial connective
tissue gradually decreased, starting from the free gingival
groove area toward the gingival crest in the free gingiva,
and toward the mucogingival junction in the attached
gingiva (Fig. 4). In addition, the total number of mela-
ci
Figure 2. Photomicrographfrom a serial histológica! section adjacent to
Figure 1 but stained with Masson-Fontana. Note the increased density of
melanin granules revealed by Masson-Fontana as compared with the
hematoxylin & eosin stained specimen.
the values of all microsquares examined in each of the
21 cases was computed and recorded diagrammatically
(Fig. 4).
The degree of inflammation of the adjacent connective
tissue area was determined by counting the inflammatory
cells in each micrometer square examined. The sum of
the values for all microsquares examined in each of the
21 cases was computed and recorded in the same diagram
(Fig. 4).
In the Masson-Fontana stained specimens, no cell
outlines containing melanin granules could be distin-
Figure 3. A diagram showing the method used to determine the density
of the melanophores, the melanin granules and the degree of the inflam-
matory reaction. The micrometer square was placed initially at the
epithelium and then moved to the adjacent connective tissue area. The
same procedure was repeated all along the free and attached gingiva.
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Figure 4. A composite diagram showing the distribution ofmelanophores
in the gingival epithelium and the number of inflammatory cells of the
subjacent connective tissue (H and E stain). The arrow (-^>) denotes the
free gingival groove area.
nophores in the attached gingiva (3230) was approxi-
mately 16 times greater than in the free gingiva (198),
for the same number of microsquares examined in these
two areas.
A similar pattern of gradual decrease from the free
gingival groove toward the gingival crest and to the
mucogingival line was observed for the melanin granules
of the epithelium and of the adjacent connective tissue
area in both the free and attached gingiva (Fig. 5).
Furthermore, the density of the melanophores (num-
ber of melanophores per unit area) of the vestibular
epithelium was positively and significantly correlated
with the severity of inflammation (numbers of inflam-
matory cells) in the attached gingiva (r = 0.38,  <
0.00003), but not in the free gingiva (r = -0.033,  <
0.2643) (Table 1).
On the other hand, there was a positive and highly
significant correlation between the density of melanin
granules of the epithelium and that of the adjacent
Figure 5. A composite diagram showing the density of melanin granules
in the epithelium and the subjacent connective tissue (Masson-Fontana
stain). The arrow (—») denotes the free gingival groove.
Table 1
Correlation Coefficients Between the Density ofMelanophores and the
Density of the Inflammatory Reactions in the Free and Attached











168 -0.033 -0.63  < 0.2643 N.S.
168 0.38 7.32  < 0.00003
Table 2
Correlation Coefficients of the Density ofMelanin Granules Between
the Epithelium and the Connective Tissue in the Free and the Attached
Gingiva (Masson-Fontana Stain)
Number of










10.98  < 0.00003
 < 0.00003
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connective tissue in both the free (r = 0.57,  < 0.0003)
and attached gingiva (r = 0.46,  < 0.00003) (Table 2).
DISCUSSION
In this study the microscopically determined melanin
distribution pattern in the free and attached gingiva was
compatible with the classically described clinical topog-
raphy of melanin pigmentation in the gingiva. The rel-
ative scarcity of melanophores in the free as compared
with the attached gingiva is the logical explanation for
the absence of clinically detected pigmentation in the
gingiva. However, in the Masson-Fontana stain there
was no great variation in density of pigmentation be-
tween the free and attached gingiva. This contrasted with
findings for the  & E stained specimens, and the
difference may have been due: (1) to the difference in
staining techniques (Masson-Fontana reveals many
more granules than does  & E and/or (2) to the
different mode of determination of melanin pigmenta-
tion (the melanophores were counted in the  & E
method, as against the Masson-Fontana method of esti-
mating the density of the granules in the epithelium on
the basis of an arbitrary scale of 0, 1, 2, 3).
An interesting observation was that the melanophores
of the epithelium increased in density as the inflamma-
tion of adjacent connective tissue in the attached gingiva
increased in severity. This may have been due to the
stimulating effect of inflammation on the capacity of
melanocytes to produce increased amounts of
melanin.19'20 A stimulation effect of inflammation upon
the mitotic activity of the epithelial cells has been pro-
posed by several authors.21'22 However, such a
relationship between melanophores and inflammation
was not found to be significant in the free gingiva
(r = -0.033,  < 0.2643). This could be attributed to the
scarcity of the melanophores (0-1 melanophores per
micrometer square) in the free gingiva.
CONCLUSIONS
1. Melanophores of the gingival epithelium are mainly
located in the attached rather than the free gingiva and
in the basal and suprabasal cell layers.
2. The number of melanophores and the density of the
melanin granules decrease gradually starting from the
free gingival groove area toward the gingival crest and
toward the mucogingival junction.
3. The number of melanophores of the gingival epi-
thelium per unit area is directly correlated with the
severity of inflammation (numbers of inflammatory
cells) in the subjacent connective tissue of the attached
gingiva.
4. The density of the melanin granules of the vestibular
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gingival epithelium is directly correlated with the mela-
nin granule density of the subjacent connective tissue of
both the free and attached gingiva.
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